Several trials and reviews have outlined the potential role of larviciding for malaria control in sub-Saharan Africa (SSA) to supplement the core indoor insecticide-based interventions. It has been argued that widespread use of longlasting insecticide-treated nets (LLINs) and indoor residual spraying (IRS) interventions in many parts of Africa result in many new areas with low and focal malaria transmission that can be targeted with larvicides. As some countries in SSA are making good progress in malaria control, larval source management, particularly with bacterial larvicides, could be included in the list of viable options to maintain the gains achieved while paving the way to malaria elimination. We conducted a review of published literature that investigated the application of bacterial larvicides, Bacillus thuringiensis var. israelensis (Bti) and/or Bacillus sphaericus (Bs) for malaria vector control in SSA. Data for the review were identified through PubMed, the extensive files of the authors and reference lists of relevant articles retrieved. A total of 56 relevant studies were identified and included in the review. The findings indicated that, at low application rates, bacterial larvicide products based on Bti and/or Bs were effective in controlling malaria vectors. The larvicide interventions were found to be feasible, accepted by the general community, safe to the non-target organisms and the costs compared fairly well with those of other vector control measures practiced in SSA. Our review suggests that larviciding should gain more ground as a tool for integrated malaria vector control due to the decline in malaria which creates more appropriate conditions for the intervention and to the recognition of limitations of insecticidebased vector control tools. The advancement of new technology for mapping landscapes and environments could moreover facilitate identification and targeting of the numerous larval habitats preferred by the African malaria vectors. To build sustainable anti-larval measures in SSA, there is a great need to build capacity in relevant specialties and develop organizational structures for governance and management of larval source management programmes.
Background
Malaria mosquito vector control in sub-Saharan Africa (SSA) relies on the use of insecticide-treated bednets and/or indoor residual spraying with insecticide. These interventions have been shown to be effective and the recent decline in malaria prevalence in many parts of Africa has been attributed in part to their wide-scale use for mosquito control [1] . However, emerging and widespread insecticide resistance threatens the success made with these tools [2] [3] [4] . In addition, insecticide-based interventions have been reported to be the major drive towards the observed behavioral adaptation by malaria vectors [5, 6] . To maintain the gains achieved in malaria control over the last decade, it is crucial to implement measures that will mitigate insecticide resistance and behavioral adaptation by malaria vectors [7] .
Mosquito larval control interventions have proven records of lowering malaria transmission and even eradication of malaria mosquitoes [8] . It has been shown that
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Parasites & Vectors *Correspondence: yaderua@gmail.com 1 Kilimanjaro Christian Medical University College, Tumaini University Makumira, Moshi, Tanzania Full list of author information is available at the end of the article unlike adult mosquitoes, larvae cannot change their behavior to avoid a control intervention targeted at larval habitats [9] . Moreover, a larval control strategy also serves to extend the useful life of insecticides against adult mosquitoes by reducing the size of the population being selected for resistance and the strategy is equally effective in controlling both indoor and outdoor biting mosquitoes. Integrating larval source reduction with adult mosquito control interventions like insecticidetreated bednets has therefore been considered to be a highly effective strategy to control malaria [10] . Larviciding with chemical agents was historically an important component of malaria vector control [8, 11] . However, due to significant adverse effects to other non-target species, chemical larvicides have received less attention in the past decades. Instead, preference has been shifted to the use of microbial larvicides Bacillus thuringiensis var. israelensis (Bti) and Bacillus sphaericus (Bs), which selectively kill mosquito larvae with negligible effect to nontarget organisms [12] .
Despite the proven role of larval control and the historical success of such interventions in malaria control, larviciding has remained largely neglected for malaria control in SSA [13] . The World Health Organization (WHO) recommends larviciding to be used in moderate to low transmission settings as a supplement to core interventions (long-lasting insecticide-treated nets [LLINs] and indoor residual spraying [IRS] ) in settings where larval habitats are few, fixed and findable, such as urban areas, desert fringes, high altitudes and rural areas with high population densities [14] . Of particular relevance to this recommendation, it has been argued that intensification of LLINs and IRS interventions in many parts of Africa will result in many new areas with low and focal malaria transmission [14] . Moreover, the WHO calls for a search for viable supplementary strategies for managing vector-borne diseases and reducing reliance on chemical insecticides [15] . Likewise, it has been argued that the current malaria control interventions constitute a necessary but insufficient set of measures to ensure a sustainable control and thus larviciding could play an important role when other vector control interventions have achieved their maximum practical impact [14] .
In the past decades, there has been growing evidence suggesting that larval source management by applying bacterial larvicides Bti and Bs has the potential to lower the density of mosquito vectors, as previously summarized [12, 16] . The efficacy and safety of Bti and Bs have been reported to be high making them ideal for inclusion in the integrated vector management (IVM) programmes for mosquito-borne disease control [12] . However, control efficacy of Bti and Bs has also been reported to vary greatly, mainly due to factors related to target mosquitoes (species of mosquito, their respective feeding strategies, age and density of larvae), larval habitat conditions (temperature, solar radiation, depth of water, turbidity, organic contents and presence of vegetation) and larvicide properties (application rates, toxin contents, type of carrier, how effective the material reach the target, settling rate, means of application and frequent of treatment) [17] . Due to this heterogeneity of their activity, the general consensus suggests that a larviciding strategy can be appropriate and useful for malaria control in some specific settings, whereas in other settings such efforts are unlikely to be cost-effective [14] . To be effective, application of Bti and Bs, like any other larviciding intervention should be guided by adequate knowledge of the prevailing mosquito vectors, their ecology and the properties of the bacterial larvicide used [12, 16] .
As some countries in sub-Saharan Africa are making good progress in malaria control, larviciding, particularly with bacterial larvicides, needs to be included in the list of viable options to intensify elimination campaigns. Thus, information on the effectiveness and feasibility of applying bacterial larvicides for mosquito control is important for designing and implementing larvae control operations to supplement interventions targeting adult mosquitoes. Here, we reviewed the available literature on the use of bacterial larvicides for malaria vector control in SSA in order to provide an informed background for designing and implementing larvae control using bacterial larvicides. The present review was designed to complement available literature on larval source management by reviewing only studies on bacterial larvicides used for malaria vector control and limited its scope to studies conducted in SSA.
Methods

Search strategy and article selection
Articles for this review were identified through PubMed, as well as from the extensive files of the authors and the reference lists of relevant articles. The PubMed search was conducted by using the following search terms: "microbial larvicide" or "Bacillus thuringiensis israelensis" or "Bacillus sphaericus". The PubMed search resulted in 1112 articles, of which 1077 were excluded (after screening titles and abstracts) because they did not address the effect of bacterial larvicides on malaria vectors or malaria transmission, or the studies were not from the SSA region. Moreover, a total of 21 relevant articles were obtained from the files of the authors and the reference lists of identified relevant articles. Thus, a total of 56 articles were considered for full-text reading and used for this review. Operational studies with more than one published article that reported different outcome measure of interest were all included. For articles that reported the impact of bacterial larvicides on combined malaria and non-malaria vectors or of bacterial larvicides combined with other control methods, only data on malaria vectors and on control effects attributable to microbial larvicides were considered. Data from the selected articles were extracted onto a data extraction form created in Microsoft Excel to easily assess and compare information on key study aspects such as bacterial larvicide products, experimental designs, surveyed larval habitats, the feasibility of the application, the impact of larvicides, effect size, intervention costs, safety and acceptability. Due to the wide range and heterogeneity of the study designs, larvicide products tested, application rates and effect size reported, data for the laboratory, semi-field and field studies are presented separately in the results section. Studies conducted in laboratory settings using laboratory colonized malaria vectors were classified as "laboratory studies" whereas those conducted in simulated field conditions (artificial larval habitats set in open fields) with field collected or laboratory reared mosquitoes were categorized as "semi-field studies". "Field studies" included trials against natural vector populations in natural breeding habitats of malaria vectors.
Results
Description of the reviewed studies
A total of 56 studies were reviewed. More than half (n = 32, 57.1%) were conducted in three countries, namely Kenya (n = 11, 19.6%), Tanzania (n = 11, 19.6%) and Burkina Faso (n = 10, 17.9%) (Fig. 1) . The articles were published from 1987 to 2019 and represented over 3 decades of testing of bacterial larvicides in SSA. Of the Fig. 1 Number of reviewed publications by country. For publications involving multi-country studies, each country was counted towards the total, e.g. Kenya and Tanzania [94] and Botswana and Zimbabwe [79] . Note: Zaire: now The Democratic Republic of the Congo 56 reviewed articles, 8 (14.3%) had non-interventional components, dealing mainly with community acceptability and/or cost analysis of larvicide interventions. Of the remaining 48 articles, 3, 3 and 32 reported studies that evaluated the activity of larvicides in laboratory, semifield and field settings only, respectively, whereas 10 articles reported a mixture of these types of studies (Table 1) .
Of the 39 field studies that involved larvicide application, 24 (61.5%) were conducted in rural settings, whereas 15 (38.5%) were conducted in urban or periurban settings ( Table 2) . Four of these (10.3%) reported on two large-scale larvae control operations conducted in western Kenya and Dar es Salaam, Tanzania. A variety of Anopheles larval habitats were reported in the reviewed articles and these differed considerably within the trial sites. Application of bacterial larvicides in the field studies targeted An. gambiae (s.l.) and An. funestus, the major malaria vectors in SSA (Table 2) .
Bacterial larvicide products evaluated
An overview of the evaluated bacterial larvicide products in the reviewed studies is shown in Table 3 . Five studies did not specify Bti and/or Bs products evaluated [18] [19] [20] [21] [22] 95 values after 48 h of exposure to Bs were 1.0 mg/l and 6.0 mg/l, respectively. For studies that reported the potency in spores per milliliter, LC 50 and LC 90 values after 24 h of exposure to Bti in different malaria vectors are presented in Table 4 .
The activity of Bti and Bs in semi-field conditions
A total of 12 (21.4%) studies reported experiments with Bti and Bs conducted in semi-field conditions to establish their effectiveness and duration of control ( Table 5 ). The larval habitats treated contained Anopheles gambiae (s.l.), a mixture of Anopheles and culicine species, An. arabiensis and An. gambiae (s.s.) in 5, 4, 2 and 1 of these studies, respectively. Larvicide application rates varied considerably among the studies with products based on Bti having relatively lower application rates compared to Bs. With respect to larvicide formulation, application rates for water-dispersible granules (WDG) were lower than corn granules (CG) or granules (G) due to their inherently high potency. The studies reported appreciable larval reductions in the treated larval habitats for 2 to 14 days post-treatment. Of the tested products, the highest larval reductions and the most prolonged effect was seen in studies that tested VectoMax ® CG, with 98-100% reduction in late larval instars for 2 weeks. On the other hand, the pupal reductions in treated larval habitats varied between 64-100%, with residual effects ranging from 7 days to 3 months. A very high residual effect in pupal control was observed in a study that tested a slow release formulation of bacterial larvicide (FourStar ® ) that combined both Bti and Bs (Table 5) . The activity of Bti and Bs on immature and adult mosquitoes in field conditions A total of 39 (69.6%) reviewed studies evaluated the activity of Bti and/or Bs in field conditions (Table 2) . Of these, seven commenced the evaluations of Bti and/ or Bs from the laboratory and/or semi-field conditions. Five bacterial larvicide products evaluated in the semi-field trials were also tested in the field conditions (Table 6 ). WDG and CG formulations of Bti and Bs were the majority of the evaluated products, with VectoBac ® WDG tested in 14 of the field studies. Reported larval reductions varied considerably with the test site, larvicide product applied and application rate. Overall, larval reductions ranging from 47 to 100% were recorded, with the residual effect lasting for 2 to 28 days following single or repeated applications of the larvicide. Substantial pupal reductions were also reported, with the most marked impact observed with FourStar ® , a slow release bacterial larvicide formulation ( Table 6 ). The least larval reductions were recorded with Bactimos ® and VectoBac ® wettable powder (WP) when applied once in rain pools. In the reviewed articles, it was not possible to analyze the difference in susceptibility between An. gambiae (s.l.) and An. funestus or variation in different ecological settings due to heterogeneity in testing conditions, products used and pooling of mosquito species data in some studies. However, the reviewed laboratory studies indicated that An. gambiae (s.l.) were more sensitive to Bti and Bs than An. funestus (Table 4) . On the other hand, a total of 14 (35.9%) reviewed field studies reported the activity of Bti and/ or Bs in adult mosquitoes and/or malaria transmission. Different levels of reductions in adult mosquitoes and/ b Doses provided in µg/l were converted to mg/l for a uniform presentation. Concentrations reported in mg/l except for study [64] (Table 7) .
Safety, cost effectiveness and acceptability
Five of the reviewed studies evaluated the safety of Bti and/or Bs to non-target organism co-habiting with mosquito larvae in natural larval habitats. Of these, 4 [23] [24] [25] [26] reported that the products were fairly safe to the nontarget organisms whereas the fifth [27] indicated that Bti caused mortalities in Psychodidae larvae. Six studies evaluated the economic costs of implementing bacterial larvicides interventions in the tropical conditions of SSA (Table 8 ). The costs varied greatly depending on the ecology of the vectors, the larvicide product deployed and the size of the human population covered by the intervention. [87] reviewed studies monitored the acceptability of microbial larvicide interventions to the community members and concluded that they were highly accepted by the general community [23, [28] [29] [30] [31] . However, challenges related to accessing larval habitats in people's compounds were reported from the large-scale larviciding intervention conducted in Dar es Salaam, Tanzania [32] . In general, Bti and/or Bs larvicide products were perceived as relatively easy to use and suitable to apply with hand and/or conventional sprayers.
Discussion
After several years of encouraging reports on global malaria decline [33] , the 2018 world malaria report indicated that no further significant progress in reducing global malaria cases was made during the 2015-2017 time frame [34] . The persisting malaria transmission occurs despite implementation in time and space of widely effective malaria control interventions, mainly anti-malarial drugs and insecticide-based vector control methods [34] . With the observed resilience in malaria transmission, the current control interventions need to be complemented with other novel methods in an integrated manner to further reduce the malaria burden. Larval source management is an important strategy in malaria control and its potential to lower malaria transmission has been well documented [8, 11, [35] [36] [37] . When integrated with adult mosquito control interventions, such as LLINs or IRS, the strategy has been found to have a complementary role in lowering malaria transmission [10] . The present article reviews the available literature on implementation of bacterial larvicides for malaria vector control in sub-Saharan Africa (SSA) to provide an informed background for designing larval source management using these agents.
Reduction in malaria burden and intensity of parasite transmission [expressed as entomological inoculation rate (EIR), a measure of infectious bite per person per unit time] recorded over the past two decades is an important epidemiological juncture to intensify malaria control measures. It has been shown that once EIRs fall below one infectious bite per person per year, malaria burden becomes much more responsive to further reductions in transmission [38] . Thus, as malaria continues to decline, larviciding interventions may have a much greater epidemiological impact as a supplementary intervention, secondary to primary front-line options like LLINs/IRS. Moreover, larviciding becomes a more feasible intervention for IVM once malaria transmission has been reduced to low and moderate levels by LLINs/IRS or once these tools have reached their maximum practical effect [14] . Recognizing the limitations of the primary front-line vector control tools and reduced progress of malaria control recorded in recent years, call for accelerated development and adoption of diverse options available for malaria vector control [39] .
The reviewed studies on bacterial larviciding conducted in field conditions were carried out in typical Anopheles breeding habitats found in SSA and targeted the main malaria vectors An. gambiae (s.l.) and An. funestus. The laboratory and semi-field studies targeted the same vector species. In this region, An. gambiae (s.l.) is known to breed in clear, temporary water bodies exposed to direct sunlight, whereas An. funestus prefers semi-permanent to permanent water bodies with some degree of shading [40] . To be effective, bacterial larvicide interventions require that the habitats that produce malaria vectors are targeted continuously and for indefinite basis. Due to the ephemeral nature of Anopheles larval habitats, identifying and targeting these numerous larval habitats have been considered important challenges of larviciding interventions [13] . However, the advancements in geographical information system (GIS) technology, satellite imagery and drone-based multispectral imagery, have made mapping and generation of high-resolution geo-referenced landscape images possible [41] [42] [43] . With these new technologies, larval habitats can be relatively easily identified, mapped and targeted for larviciding, thereby overcoming the constraints of the traditional laborious methods of identifying and mapping the habitats.
Various bacterial larvicide products were tested in the reviewed studies, including most of the products available in the market or developed for mosquito control [12, 17] . WDG and CG formulations were the most preferred and these were also used in the large-scale control programmes. While the CG were easily applied by hand and were suitable in larval habitats with dense vegetation, WDG had a lower application rate due to their high toxin content (measured in international toxic units per milligram, ITU/mg). These properties also had implications for transport and storage costs. The newly formulated bacterial larvicides based on granules, tablets and briquettes were designed to offer flexibility in the application in different larval habitat types which vary in No effect [50] their physical characteristics and larvae productivity [12] . The reviewed articles indicated that products based on Bti and/or Bs were fairly easy to apply by hand or with conventional sprayers depending on the formulation and habitat characteristics. Although the larvicidal activity of used products is known to vary with mosquito species, the reviewed studies indicated that they were generally effective in controlling An. gambiae (s.l.), An. funestus (s.l.) and culicine mosquitoes.
The findings of studies implemented in diverse ecological conditions across SSA indicated that at low application rates, bacterial larvicides based on Bti and/ or Bs were effective in controlling malaria vectors. The reported effectiveness of these agents in mosquito control corroborates well with findings of other studies conducted elsewhere outside SSA [44] [45] [46] . It was found that Bti and/or Bs caused a reduction in larval density, vector density, vector biting and malaria transmission in most of the tested areas. However, due to their short duration of activity, repeated applications at weekly or bi-weekly intervals were required to sustain control. On the other hand, products based on sustained slow release formulations showed relatively high residual activity ranging from 3-6 months in selected larval habitats [47, 48] . Moreover, the reviewed studies showed that the efficacy and residual activity of Bti and/or Bs on malaria vectors varied considerably with the prevailing ecological settings of the study site, the test products, as well as the study design. The activity of Bti and Bs is known to be influenced by factors related to the target mosquito, None 8400 e 0.47 [95] larval habitat conditions and larvicide properties as reported elsewhere [17] . The inherent variation in their activity in different ecological settings needs to be taken into account when designing and scaling-up larvicide interventions. Many typical larval habitats for malaria vector mosquitoes, particularly the all-important An. gambiae complex in SSA, are in nature transient and shifting [40] . Most of these habitats originate from a wide range of economic important human activities such as agriculture, construction and mining [49] . Although some of the habitats are relatively more permanent and may contain some water for the most of the year, their size and, more importantly, the location of water margin where most of mosquito breeding activities take place fluctuates from week to week depending on weather conditions (mainly rain and sun). In addition to natural forces of the weather, manmade habitats are constantly modified to serve the purpose of which were created for, during cultivation and resumption of construction or mining activities. These activities may end up creating more new habitats or eliminate some altogether. Thus, many active larval habitats for malaria mosquitoes are not always static, but sometimes dynamic and a moving target. For this reason, irrespective of the residuality of the product applied, treated sites must be visited on a regular basis to identify and treat new active larval habitats that may have arisen or to re-treat the existing ones which have been affected by human activities. For this case, residuality is less valuable than it would otherwise be because of the duration and nature of the habitats themselves. Although long-lasting, slow release formulations of larvicides are desirable, less persistent conventional products have wide application in tropical weather conditions and more appropriate for the transient An. gambiae complex larval habitats.
Although the reviewed studies demonstrated the effectiveness of the bacterial larvicides based on Bti and Bs in malaria vector control, the products were found to be less effective in riverine areas with extensive flooding in The Gambia [50] , in rice fields and swamps in Zaire (now The Democratic Republic of the Congo) [51] , in transient rain puddles in Burkina Faso [27] and in overgrown wetlands in Tanzania [23] . These findings support the view that manual application of bacterial larvicides Bti and/or Bs by ground teams is not a strategy for all larval habitat types [14] . However, as malaria prevalence continues to decline, high transmission areas are attaining low to focal transmission, creating more conducive conditions appropriate for larviciding intervention. If sustained, the decline in malaria parasite transmission intensity creates an important opportunity for adoption of larviciding as a supplementary measure, though the strategy may not be suitable as a stand-alone intervention in many transmission settings. Moreover, it was evident from the reviewed studies that effective control of mosquito larvae can be achieved with repeated treatment of breeding sites and that malaria vector control with bacterial larvicides demands much greater ecological information with regard to water quality and the nature of the mosquito breeding habitats. It was also evident that larvicide intervention was more cost-effective in urban than in rural areas. To be effective, larviciding intervention with Bti and Bs needs to be well adapted to the prevailing local malaria vectors and their ecology.
High implementation costs have been considered as the main factor that prevents broader use of larvicide interventions particularly in SSA [13, 52] . Despite variation in the cost of these interventions reported in different areas of SSA, the cost compared favorably with those for LLINs and IRS interventions [53] [54] [55] . Some of the reviewed studies indicated that the interventions based on Bti and/ or Bs were readily accepted by the general community in the intervention areas [23, [28] [29] [30] [31] . In addition to participation in the larvicide applications, some community members indicated willingness to pay for the intervention [28] [29] [30] [31] . Moreover, the safety of the tested products was found to be high [23] [24] [25] [26] , targeting only mosquito larvae and with no deleterious effect to non-target organisms, as also reported in other studies conducted outside SSA [56] [57] [58] . However, one of the reviewed articles reported that Bti treatment caused mortalities in Psychodidae larvae when applied at the recommended rate [27] . Species of the Psychodidae are among the dipterans that have been shown to be affected by Bti treatment as summarized elsewhere [59] .
Larviciding intervention, particularly for control of mosquito with diverse breeding habitats like the major malaria vector in SSA, is labor-intensive undertaking. To be effective, larviciding teams must cover a large number of Anopheles larval habitats, some of which appear and disappear frequently in space and time with highcost implications. In SSA, financial resources (for equipment, supplies and personnel costs) required to manage larviciding programmes remain intermittent and unreliable [60, 61] . Thus, mobilizing reliable sources of funding is crucial for the success of larvicide interventions. It was also found out that larvicides application by ground teams in rural areas with extensive larval habitats was inappropriate [50] . In areas with large flood plains, extensive wetland and rice cultivation which are largely inaccessible on foot, aerial application of larvicides is more appropriate. Further analysis of the reviewed field studies has shown that a wide range of larvicide products including non-WHOPES-recommended products [14] was evaluated in SSA (Tables 6, 7 ). This variation in product types tested coupled with heterogeneity in test conditions, did not permit unambiguous analysis of the efficacy of the interventions by geographical settings and/ or malaria vector species. While more countries in SSA are adopting (larval source management, LSM) for control of malaria, it is crucial that a package of products for larviciding is streamlined based on WHOPES recommendations to allow for appropriate scale-up of the intervention in the future.
Apart from financial constraints, other major obstacles to delivering larviciding interventions to local communities in SSA include scarcity of trained personnel in the field of vector ecology/biology and lack of organizational structures for governance and management of vertical, decentralized LSM programmes [39, 62] . While it is crucial that these rare specialties are developed, a partnership between academic/research institutions and communities have been applied effectively to fill this technical gap in the implementation of larviciding or other vector control programmes in SSA [60, 62] . With the renewed interest in LSM in SSA, there is an urgent need to develop operational teams and robust organization structures for governance of these programmes in the near future [39, 60, 63] . Beside the outlined shortfalls, SSA is better positioned with adequate human resources to manage labor-intensive larval source management programmes. The availability of effective and yet safe microbial larvicides is making larviciding interventions feasible with such community-based staff with a minimal level of training.
Based on the effectiveness of larvicide products reported in the reviewed studies (Tables 6, 7) , the historical success of larvicide interventions for malaria vector control [8, 11] and expert opinions [13, 37] , larviciding remains a feasible option that can be included in the IVM programmes to supplement other vector control tools. Following decades of neglect of this strategy in SSA, research is still needed to improve quality of evidence and build skills especially in areas of malaria vector ecology, designing, monitoring and evaluation of larval source management programmes.
Conclusions
The findings from the reviewed studies indicated that, at low application rates, bacterial larvicide products based on Bti and Bs were effective against malaria vectors in SSA. Furthermore, the larvicide intervention was found to be feasible and safe to non-target organisms and its cost compared fairly well with those of other vector control measures practiced in SSA. However, interventions based on these agents require substantial knowledge of larval ecology due to the effect of environment and larval habitat characteristics on these agents. As malaria continues to decline in SSA, larviciding should gain more ground due to shrinking of transmission areas and creation of more appropriate conditions for the intervention, and in order to delay the evolution of insecticide resistance and behavioral adaptations by the vectors. Moreover, the advancement of technology for mapping landscapes could facilitate the identification and targeting the numerous larval habitats preferred by the African malaria vectors. To build sustainable anti-larval measures in SSA, there is a great need to build capacity in relevant specialties in vector control and develop organizational structures for governance and management of larval source management programmes. 
